We present a neutron polarimetric experiment where two kinds of spinor precessions are observed: one is induced by different total energy of neutrons (zero-field precession) and the other is induced by a stationary guide field (Larmor precession).
In the last years great effort has been devoted to the development of quantum information and communication technology [1] . Among them creation and manipulation of entanglement is a key issue and experimental realizations with the use of photons, atoms, ions, nuclear-magnet, superconducting qubits etc. have been reported [2] . There, the entanglement between spatially separated systems are mainly used to exploit non-local property of quantum systems. In contrast, investigations of two-qubit entanglement with neutrons, one of the most useful quantum system to be utilized for studies of quantum mechanical phenomena [3] , have been performed with the use of their degrees of freedom, namely spin and path, in a single particle: a violation of a Bell-like inequality [4] , contextual nature of quantum theory [5] , and a full tomographic analysis of Bell-states [6] were carried out.
For further development towards multi-entanglement, it is inevitable to establish manipulation of other degrees of freedom. It is know that the total energy of neutrons can be manipulated with the use of interactions between a neutron's magnetic moment and a time-dependent oscillating magnetic field [7, 8, 9] . Recently, we have accomplished an experiment to exhibit a coherent energy manipulation of neutrons with the use of radio-frequency (RF) oscillating magnetic field [10] , enabling neutrons to be applied for investigations of multi-entanglement. Thus, we find it significant to demonstrate explicitly a phase manipulation for different energy eigenstates which will be utilized in forthcoming experiments such as a demonstration of triple-entanglment with a GHZ-state [11] . In the neutron scattering community, a spin precession, alternatively a phase shift, due to energy difference is known as zero-field precession [12, 13] and utilized for zero-field spin-echo spectroscopy [14, 15, 16, 17] .
When a neutron is exposed to a stationary magnetic field, the motion of its spin vector is thoroughly described by the Bloch-equation exhibiting Larmor precession:
where γ is the gyromagnetic ratio given by µ/|S|, µ and S are magnetic mo- In contrast, when a neutron interacts with a time-dependent, rather oscillating, magnetic field, photon exchange occurs and the total energy of neutrons is shifted. In particular when a so-called resonant spin-flipper is activated, the neutron emits (or absorbs) a photon of energy ω R , thus the total energy of the neutron decreases (or increases) by ω R during the interaction [9] . As a consequence, an additional phase, a zero-field phase, ω R T is accumulated during the propagation afterwards. This phase shift, alternatively a spin precession, due to energy shift emerges even without a guide field, thus it is referred to a zero-field precession in literature [12, 13] . It should be emphasized that this zero-field phase is independent of the applied guide field, namely the Larmor phase ω L T, and purely depends on the frequency of the spin-flipper. In the following neutron polarimeter experiments, we demonstrate how one can tune a zero-field phase ω R T and a Larmor phase ω L T independently. Larmor phase α due to the guide field, which is given by 2)). In addition, the dependence of the period of the oscillations on the strength of the guide field is plotted in Fig.2(b) . A linear dependence, of which inclination is in good agreement with the theoretically predicted value, is seen, which confirms the precession angle given by Eq.(2). Next, characteristics of the zero-field precession are considered: both RF flippers are turned on. In this case, the superposed states |±z is once flipped to |∓z , and finally again flipped back to |±z . Then, the spin precession angle α ′ is expected to be given by the propagation time, T 1 , T 2 , and T 3 after each spin flipper by (3)). In addition, a dependence of the period on the frequency is plotted in Fig.3(b) . A linear dependence is seen and its inclination is in good agreement with the theory, which confirms the precession angle given by Eq.(3).
Note that the setup is constructed in a way that no spin rotation due to the Larmor precession will occur, since the Larmor precessions before and after the second RF flipper, i.e., ∆T 1 and ∆T 3 , are compensated each other with all flippers turned on (see Eq. (3)). This independence of the Larmor precession can also be accessed in our experimental setup. In particular, the precessions. In addition, the period is plotted versus the strength of the guide field in Fig.4(b) . Independent behavior of the period from the field strength 
